Abstract: More men than women are diagnosed with Parkinson's disease (PD), and a number of gender differences have been documented in this disorder. Examples of clinical characteristics that appear in men more often than women include rigidity and rapid eye movement behavior disorder, whereas more women than men exhibit dyskinesias and depression. Differences between men and women in cognition have not been extensively examined, though there are reports of deficits in men in aspects of cognition that contribute to activities of daily living, in verbal fluency, and in the recognition of facial emotion, and deficits in women in visuospatial cognition. Side of disease onset may interact with gender to affect cognitive abilities. One possible source of male-female differences in the clinical and cognitive characteristics of PD is the effect of estrogen on dopaminergic neurons and pathways in the brain. This effect is not yet understood, as insight into how the fluctuation of estrogen over the lifetime affects the brain is currently limited. Further attention to this area of research will be important for accurate assessment and better management of PD. Attention should also be directed to multiple covariates that may affect clinical characteristics and cognition. Knowledge about differences in the presentation of PD symptoms in men and women and about the pathophysiology underlying those differences may enhance the accuracy and effectiveness of clinical assessment and treatment of the disease.
ences in the clinical and cognitive characteristics of PD is the effect of estrogen on dopaminergic neurons and pathways in the brain. This effect is not yet understood, as insight into how the fluctuation of estrogen over the lifetime affects the brain is currently limited. Further attention to this area of research will be important for accurate assessment and better management of PD. Attention should also be directed to multiple covariates that may affect clinical characteristics and cognition. Knowledge about differences in the presentation of PD symptoms in men and women and about the pathophysiology underlying those differences may enhance the accuracy and effectiveness of clinical assessment and treatment of the disease.
Movement Disorder Society
Parkinson's disease (PD) is a debilitating neurodegenerative disorder characterized by movement dysfunction and by cognitive and other non-motor impairments. More men than women are diagnosed with PD by a ratio of approximately 2:1, [1] [2] [3] and while this ratio suggests the presence of sex and gender differences in PD, the differences between men and women in symptoms, course, and cognitive effects have not been extensively examined. One possible source of differences in cognition, and a growing area of research, is the effect of estrogen on dopaminergic neurons and pathways in the brain. If applied specifically to cognition in PD, research in this area could have a substantial impact on the identification and clinical care of patients with this disorder.
GENDER DIFFERENCES IN CLINICAL SYMPTOM PRESENTATION
Haaxma et al. 4 found specific male-female differences in the presentation of PD. The women were on average 2.1 years older than the men at time of diagnosis (53.4 vs 51.3 years) and were more likely to present with tremor as their initial symptom than with bradykinesia or rigidity. Single photon emission computed tomography (SPECT) imaging using the tracer [ 123 I]FR-CIT was used to quantify the amount of nigrostriatal dopamine uptake binding. The women had higher levels of striatal uptake binding than the men at time of symptom onset. Based on these findings, the investigators suggested that women have a more benign preclinical phase of PD than men. They proposed a protective role of estrogen because number of children, age at menopause, and duration of fertile life all correlated with later age at onset of PD. Once the disease reached its clinical stage, no male-female differences were seen, meaning that estrogen was important in neuroprotection but offered no benefit once the disease had manifested itself clinically. The implications of the sex difference in striatal binding in PD remain unclear in the literature. Levalaye et al., 5 Mozley et al., 6 and Munro et al. 7 all showed better dopaminergic regulation in the striatum in women than in men, but with varying explanations of mechanisms. Haaxma et al. acknowledged that estrogen level may have served as a proxy for another unknown variable that was actually the critical one in relation to the male-female differences, and gave the example of differential iron levels in men and women.
In a larger-scale study, Scott et al. 8 contrasted symptom characteristics at disease onset and later. Relative to onset, at time of second evaluation men listed more symptoms, though women reported that their symptoms caused them more distress (e.g., anxiety and depression) ( Table 1 ). The investigators suggested the reporting differences may have arisen from ''differences in social acceptance of communicating emotionality.'' Several studies have assessed activities of daily living (ADLs) along with symptoms of clinical PD presentation. Hariz et al. 9 studied differences between men and women before and after pallidotomy, thalamotomy or deep brain stimulation. Women had poorer pre-operative scores on assessments of ADLs, but their post-operative scores were similar to those of the men (Table 1) . There were no pre-/post-operative nor malefemale differences in overall mental status. Women who had surgery for PD were more impaired and had longer disease duration than men-does this reflect a bias in referral for surgery, or did women cope with their symptoms better and so themselves delayed considering surgery? The larger post-surgical improvement in instrumental ADLs in women than men may have reflected persisting gender roles especially in regard to the ability to engage in domestic tasks, which may have been more important to women than men; further, more men in the sample than women were living with a spouse, suggesting again a possible greater investment in engagement in ADLs for the women.
A study by Accolla et al. 10 evaluated PD patients before and after deep brain stimulation on ADLs and other clinical features of PD. Preoperative evaluation showed no differences between men and women for duration or severity of the disease or for tremor, rigidity, or ADLs, but women had more severe dyskinesias and lesser response of bradykinesia to medication. One year post-operatively, bradykinesia was significantly more resistant to treatment in women than in men, the gender difference in dyskinesias was no longer present, and women seemed to show more improvement in ADLs than did men but this result was not significant.
Baba et al. 11 described ADL levels as well as other clinical characteristics of PD. This group reviewed clinical, historical and demographic characteristics of 1264 individuals. Men and women did not differ in regard to average age at onset, duration, rate of progression, or initial symptom. Male-female differences emerged in disease phenotype after onset (Table 1) . Because women were more impaired than men in regard to depression level and ADLs, both of which often interact with cognitive abilities, it is possible that women in this sample may have had more cognitive difficulties. These results appear contradictory to those reported by Haaxma et al., 4 which described malefemale differences at time of disease presentation (e.g., women had later age of onset, initial symptom of tremor). The disparate results may be related to differences in age and disease duration for the two study samples; participants in the Haaxma study were younger and had shorter disease durations than in the Baba study.
In regard to dyskinesias, several studies have reported greater prevalence in women than men with PD (Table 1) , which may be related to levodopa usage. In a study by Zappia et al., 12 women weighed less, took higher doses of levodopa per kilogram of body weight, and had more frequent episodes of dyskinesia than men. These results raise the question of current standards of levodopa dosage, as the investigators reported that body weight is generally not taken into consideration in prescribing levodopa dosage, a point also made by Accolla et al. 10 in their discussion of why women with PD experience more medicationinduced dyskinesia.
Sleep disorders are also common in PD, and gender differences have been found in this area. Two studies examined patients with PD who had rapid eye movement sleep behavior disorder (RBD), in which patients act out violent or dramatic dreams during the REM cycle of sleep. Yoritaka et al. 13 and Ozekmekci et al. 14 found a higher prevalence of RBD in men than women.
Behavioral problems appear to arise to different extents in men and women with PD, at least in patients with dementia. A large-scale study by Fernandez et al. 15 (24, 402 PD patients residing in nursing homes) documented that men with PD exhibited more wandering, verbal and physical abusiveness, and inappropriate behavior, whereas women exhibited more depression. The investigators made the important observation that there were gender differences in treatment, with men more likely to receive antipsychotic medications and women more likely to receive antidepressants, regardless of behavioral symptom.
GENDER DIFFERENCES IN COGNITION
Studies of cognitive changes in PD have focused on patients without dementia and have mainly cited the involvement of the basal ganglia, [16] [17] [18] [19] [20] prefrontal cortex, [21] [22] [23] [24] fronto-striatal regions, [25] [26] [27] or cortico-striatal (frontal and parietal) regions. [28] [29] [30] [31] [32] Aspects of cognition often associated with these regions in PD include executive function contributing to ADLs, attention, verbal recall, and visuospatial cognition. Cognitive differences between men and women with PD have been largely unexamined. One area of focus has been the comparison in quality of life and ADLs between men and women, functions that require intact cognitive abilities.
Riedel et al. 33 tested 873 PD patients. Women were more likely than men to be depressed but there was no mention of using depression as a covariate in analyzing cognitive performance. Participants were assessed with the Mini-Mental State Examination (MMSE), 34 a brief measure of overall mental status; the Clock Drawing Test (CDT); and the Parkinson Neuropsychometric Dementia Assessment (PANDA), 35 a measure including five subscales of cognition commonly affected in PD (word pair associate learning, alternating verbal fluency, visuospatial skills, working memory, and attention). Though there were no differences on the MMSE or PANDA total score, women attained significantly worse scores than men across stages of motor severity. Because the MMSE and PANDA-total were measures of overall cognitive status and the results were not compared to a control group, the investigators were limited in their interpretation of specific cognitive abilities.
Locascio et al., Clark et al., and Davidsdottir et al. have discussed cognitive impairment in PD more specifically, and reported gender differences. In a rare longitudinal study, Locascio et al. administered tests of memory, language, visuospatial and frontal-lobe function to healthy adults and PD patients over 10 years. 36 Gender differences across groups emerged on the Road Map Test of Direction Sense, a right-left discrimination task that requires egocentric mental rotation in space (men superior), 37 and on a letter fluency test (women superior). In the PD group, men's performance declined faster across disease duration for this test as well as for the other verbal test, category fluency.
Davidsdottir et al. 38 queried PD patients on visual and spatial symptoms. The men and women did not differ in demographic characteristics or in duration of illness. Equal proportions of men and women endorsed at least one problem relating to visual or visuospatial functioning. There was an interaction of side of onset and gender on spatial performance, as men who had left-side onset of PD symptoms (LPD) reported more difficulty in estimating spatial relations than women with LPD; there were no male-female differences for the group who had right-side onset of symptoms (RPD). Side of motor symptom onset is an important consideration in the study of PD, as most patients initially present with symptoms on one side of the body, reflecting the loss of dopamine primarily in the contralateral hemisphere. The right hemisphere is more responsible than the left for many spatial abilities and failure to distinguish patients with LPD from RPD may mean that visuospatial deficits that contribute to functional decline are missed in patients with LPD.
In another study of spatial processing, Clark et al. 39 found that PD patients were deficient in recognition of facial emotion, particularly for the emotions of anger and surprise, and men showed specific deficits in identifying fearful expressions. The control group exhibited the opposite pattern: women were less accurate than men at identifying fearful expressions. In this group, women with PD reported more interpersonal problems than control women on a questionnaire assessing difficulties with self-assertion and over-accommodating behavior. These findings are consistent with those of previous studies that found that women with PD reported lower levels of quality of life, another index of social functioning, 40 and more depression than men. 8, 11, 15, 33 An associated study of visual scanning in a subgroup of the same participants found that control women spent less time fixating on fearful expressions than control men did, but there was no male-female difference in fixation duration for the PD group, 41 making the point that for some perceptual or cognitive functions, PD may be associated with the disappearance of normal gender-based differences.
Davidsdottir et al. 28 examined spatial navigation and visuospatial functioning, including measurement of veering during a navigation task, visual ability as assessed through acuity, contrast sensitivity and motion perception, and visuospatial function through tests of line bisection, optic flow perception, egocentric reference, and visual dependence. LPD patients were generally more visually dependent than RPD patients, who in turn were more visually dependent than the control group. Gender differences were found in the navigation task, egocentric midline test, line bisection, and motion perception. The results of this study showed that both side of symptom onset and gender were important in understanding visuospatial and visual functioning and navigational veering in patients with PD.
Not all studies of visuospatial function in PD have found male-female differences in performance, including Cronin-Golomb and Braun 42 on visuospatial problem solving using Raven's Coloured Progressive Matrices, a matching test of visual closure and spatial reasoning 43 ; Amick et al. on mental rotation 30 ; and Schendan et al. 29 on hierarchical pattern perception, a test of global and local visual pattern processing. The latter two studies reported LPD-RPD effects. CroninGolomb 31 recently reviewed the side of onset literature, describing PD as a disconnection syndrome. Taken together, the several studies suggest that gender differences pertain to some but not all visuospatial abilities, and may interact with side of disease onset. A number of the reported gender differences in clinical characteristics, functional status, and cognition are listed in Table 1 .
ROLE OF ESTROGEN
Conflicting results have been found regarding whether or not estrogen has a neuroprotective effect on brain dopaminergic pathways and is involved in the process of PD deterioration and cognitive impairment. Several but not all studies point toward a neuroprotective effect of estrogen on dopamine systems and consequent reduction of risk for PD. The lack of consensus may reflect the fact that the exact mechanisms by which estrogen acts on the dopamine systems are unclear.
A review of the effects of estrogen in the brain was conducted by Liu and Dluzen. 44 The authors found that 24 of 42 animal studies reviewed showed a neuroprotective effect of estrogen against dopamine neurodegeneration in the nigrostriatal regions, five showed a negative effect, and 13 showed no effect. Similarly, of 14 studies of estrogen involvement in human PD patients, seven showed a neuroprotective effect of estrogen whereas four showed anti-dopaminergic and three showed no effect.
The extent to which estrogen is protective against neurodegeneration may be related to the health status of the neurons on which it acts. Chen et al. 45 studied the effect of low-and high-dose estradiol on prevention and treatment of neurodegeneration in rat primary hippocampal neurons. The therapeutic benefit of estradiol was limited to low-dose estrogen administered before, but not after, induced neurodegeneration. The investigators suggested that as neurodegeneration changes the brain from a healthy to unhealthy state, the effects of estrogen may transition from benefical to adversarial. If their data were supported by further studies, it would have important implications for clinical decisions regarding estrogen therapy. For further studies in this area, see Brinton et al. 46 and Liu & Dluzen.
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Possible neuroprotective effects of estrogen may not be limited to the female brain. A review by Janowsky 48 suggested that high levels of estrogen may be neuroprotective in men who have low levels of testosterone, but the effects may be more specific to certain cognitive domains (for example, hippocampal-dependent memory) than previously assumed. Gillies and McArthur 49 reviewed the importance of estrogen in relation to neurodegenerative diseases. The authors cited significant organizational and physiological differences between male and female brains that may contribute to differential actions of estrogens in men and women. Understanding such differences may be helpful in explaining the different rates and experiences of PD for men and women as well as pointing toward gender-specific treatments for PD.
The study of the relation of estrogen to PD risk and presentation has several limitations. Often, studies are retrospective and rely solely on either patient recall of relevant medical history or on medical record review. Specific information on disease severity or type is not always collected, and determining age at PD onset is often difficult. Studies do not regularly highlight differences in results between pre-and post-menopausal women. Given these limitations of methodology and interpretability, the existence of conflicting results is understandable. Investigators in this field agree that further study of both endogenous (reproductive hormones over the lifetime) and exogenous (hormone replacement therapy) estrogen levels in PD patients is needed, and that characteristics of estrogen receptors may prove to be important biomarkers of PD.
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CONCLUSIONS
The current state of research on sex and gender effects in PD would benefit from standardization along certain dimensions. It would be useful to see studies that match PD participants (equal numbers of men and women) for key disease-related characteristics, as shown in Table 2 (see also Pavon et al. 52 for further suggestions). In general, men with PD are more often studied than women, out of proportion to the actual prevalence ratio, and most studies that include both men and women do not examine research data separately for the groups. Gender differences in certain aspects of cognition (e.g., verbal fluency) have been reported, but without a control group, conclusions about whether gender differences in PD are above and beyond gender differences in healthy adults cannot be drawn. It would also be important to match men and women (PD and control) for demographic features such as age and education. Women live longer than men in the general population; the inclusion of age in these analyses will allow us to determine if greater severity of PD symptoms is simply due to the longer survival of women. Groups should also be matched for the presence of premorbid conditions such as depression, anxiety, and sleep disturbances, which are associated with subsequent development of PD. If matching by groups is not possible, or if the attempt to match would eliminate variables of interest (e.g., the higher prevalence of dyskinesias in women than men with PD), those clinical or demographic dimensions on which groups differ should be included as covariates in analyses of data. For example, if women are more likely to have later disease onset and to have a particular clinical presentation (tremor as initial symptom; presence of dyskinesias), then differences in cognition may be related to one or both of these phenotypes rather than to a gender difference per se. Similarly, as depression is known to be associated with cognitive impairment, the higher prevalence of depression in women than men with PD may in itself account for cognitive differences between the groups. A number of the reported gender differences in PD to which analysis of covariates have been applied appear in Table 2 .
Detailed and specific cognitive and functional assessment by gender will be important additions to the future literature. In particular, because side and type of symptom onset, along with gender, have been shown to affect some aspects of cognitive performance, these variables should be taken into consideration. Structural and functional imaging studies are lacking in this area and could prove enlightening. Longitudinal prospective studies of sex hormones in men and women would provide more accurate data from which conclusions about their involvement in the development of PD could be drawn. Continued animal research in this area will be vital in directly exploring the effects of hormone manipulation, thereby avoiding the hazards of self-report of hormone levels. Studies in which sex hormone levels are manipulated and brain tissue examined may guide clinical research.
Aside from enhancing our understanding of the phenomenology of PD, research on sex and gender effects is likely to have significant clinical implications. First, medical personnel who recognize that men and women may have different initial presentations of PD may perform more accurate early diagnosis. Second, knowledge of similarities and differences in disease course and response to treatment could affect clinical care. For example, women respond at least as well to surgical treatment of PD as men, but women are older when they undergo surgery. If this age difference arises from a conservative bias of the female PD patient against surgery, then education as to surgery's good potential effects may diminish that bias. If, instead, medical personnel are biased against recommending surgery for women as soon as they do for men, then education should be targeted to those professionals rather than to the patient. As another example, facial masking may violate gender norms for expressivity in women but not in men, and some problems with social relationships in PD may arise from inaccurate interpersonal impressions of women with more extreme masking. 53 Education of PD caregivers and friends may counteract this tendency. A further implication is that women with PD may especially benefit from physical and speech therapy to increase facial and vocal modulation and fluency, in order to mitigate the negative psychosocial effects of facial rigidity 53 and vocal monotony and dysfluency. 54 With these goals and strategies in mind, sex, and gender differences in PD may be better delineated than they are at present, and clinical assessment and treatment of the disease may benefit in its accuracy and effectiveness.
